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(54) Spun-rolled pulley with thick hub and method of manufacturing thereof 



(57) A pulley with an integral hub (30) spun-roll 
formed of a disc (52) of sheet metal where the hub (30) 
has a thickness (T1 ) greater than the thickness (54) of 
the sheet metal. The hub has a bore (30) and external 
surface (34) for attaching to other components. 



A process for making a one piece pu lley by pressing 
a shaping roller (64) against a side of a disc (52) and 
displacing metal and forcing a hub (30) having a thick- 
ness (T1 ) greater than the sheet metal (54) from which 
it is formed is also disclosed. 
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Description 

Background of Invention 

The invention relates to a pulley of sheet metal s 
made by spin-roll forming, but more particularly, the in- 
vention relates to a spun pulley with a thick hub and a 
method of making the pulley. 

In some pulley designs, machined hubs are at- 
tached to webs and rims formed of sheet metal. A sheet 10 
metal web (or disc) and rim may be attached to a ma- 
chined hub such as by bolts attached to a spider as dis- 
closed in General Motors Technical Bulletin TC01-007 
(02/14/96) or it may be attached to the hub such as by 
welding or brazing. A machined hub may provide com- is 
plicated shapes and thicknesses that permit the pulley 
to be attached to more than one component. For exam- 
ple, the aforementioned General Motors Technical Bul- 
letin discloses a hub with a spider that attaches to a cup 
shaped sheet metal pulley by means of bolts and lock 20 
washers. The hub has a bore that attaches to a shaft of 
a water pump pulley. The hub is sufficiently thick to in- 
clude external threads which define a fastener for at- 
taching the pulley to a clutch for a fan. The hub for at- 
taching the clutch is in an oppositely facing direction 2s 
from the rim of the pulley with its belt engaging surface. 
While a machined hub may provide complicated shapes 
for attaching to shafts, pulleys and clutches, it introduc- 
es the attendant problems of weight, expense, and man- 
ufacture, and a troublesome process of precisely attach- 30 
ing and aligning the web and rim to complete the pulley. 

Hubs or pulleys of sheet metal may be shaped by 
press forming using a series of dies to form a drawn cup 
or by spin forming using mandrel and rollers or a com- 
bination thereof. For example, a pulley with an integral 35 
hub that is press formed is disclosed in U.S. Patent No. 
5,441 ,456 where the hub has a stepped bore as shown 
in Figure 5 and a bore with spline receiving grooves as 
shown in Figure 8. Another example of a pulley with an 
integral hub is shown in U.S. Patent No. 4,824.422. A 40 
limitation with the press forming and spin forming proc- 
esses is that the hub is of a limited thickness where it is 
always less than that thickness of the sheet metal from 
which it was made. Consequently, such hubs are of lim- 
ited strength and are not readily adaptable for attach- 45 
ment to other components at the hub's external diame- 
ter. 

German Patent No. 4444526 discloses a method of 
shaping a hub by spin forming where a shaping roller is 
pressed against a side of a spinning annular disc of so 
sheet metal that is supported at an opposite side with a 
head stock mandrel. The shaping roller is moved pro- 
gressively radially inwardly against the side of the rotat- 
ing disc which displaces a portion of metal while thinning 
part of the disc in forming a side wall web having a thick- ss 
ness that is less than the original sheet metal thickness. 
An annular wave is formed as metal is displaced and 
which progressively axially extends. The shaping roller 



is moved axially and is followed by a shaping roller which 
presses the so annularly displaced metal against a man- 
drel while simultaneously forming a hub integral to the 
disc and having a thickness that appears to be about 
equal to that of the disc. Similarly, U.S. Patent Applica- 
tion Serial No. 08/68898 discloses a spin-rolled forming 
process where the thickness of the hub is about equal 
that of the disc. Neither of these processes disclose a 
hub having a sufficient thickness to provide a means for 
attaching it at an external diameter to other components 
such as a threaded nut of a fan clutch. 

Summary of the Invention 

A pulley with an integral hub in accordance with the 
present invention is spun-roll formed where a portion of 
sheet metal is radially and axially displaced from a side 
of a disc leaving a web. The so formed hub has a radial 
thickness that is greater than the web and more prefer- 
ably, greater than the thickness of the disc from which 
it was formed. A rim of generally tubular shape extends 
from the web in an axially opposite direction from the 
hub and is formed of an outer annular part of the disc 
and is integral with the web. 

During the process, a shaping roller is pressed 
against a side of the annular disc of sheet metal. The 
shaping roller is moved progressively radially inwardly 
against the side of the rotating disc which displaces a 
portion of metal in the form of an axially extending an- 
nular wave. The so displaced metal is pressed by an 
axially moving shaping roller against a mandrel to form 
a hub that is integral with the web. Optionally, the web 
may be pressed to form a cup that faces away from the 
so formed hub. A shaping roller is pressed against a ra- 
dially outermost portion of the disc while axially displac- 
ing a portion of metal against a rotating head stock man- 
drel. The disc is thinned and the radially outermost por- 
tion thereof forms a rim of generally tubular shape that 
extends from the web solely and in an axially opposite 
direction from the hub and defines a belt receiving sur- 
face. 

An object of the invention is to provide a pulley with 
a hub that is integral to a web and rim and where the 
hub has sufficient thickness to be configured to attach 
to another component such as by way of example, a 
threaded fastener. 

Another object of the invention is to provide a meth- 
od of spin forming a hub with a thickness that is sufficient 
to attach another component such as by way of a thread- 
ed fastener. 

Still another object of the invention is to provide a 
pulley for a water pump that is of a single one piece con- 
struction as compared to a prior art water pump pulley 
of ten parts. 

These and other objects or advantages of the in- 
vention will be apparent after reviewing the drawings 
and description thereof wherein; 
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Figure 1 is a diametrical cross section of a prior art 
ten piece water pump pulley such as of the type dis- 
closed in General Motors Technical Bulletin 
TC01-007: 

5 

Figure 2 is a diametrical cross section of a one piece 
pulley of the invention; 

Figure 3 is a schematic in cross section illustrating 
key elements of a spin-roll forming machine and an io 
annular disc positioned in the machine for spin-roll 
forming; 

Figure 4 is a view similar to Figure 3 but showing a 
machine at a progressive operational step; is 

Figure 5 is a view similar to figure 3 but showing a 
machine at a progressive operational step; 

Figure 6 is a view similar to Figure 2 but showing a 20 
machine positioned at a progressive operational 
step; 

Figure 7 is a view similar to Figure 1 but showing 
the partially completed pulley of Figure 6 with the 25 
integral hub placed in the spin-roll forming machine 
with different tooling; 

Figure 8 is a view similar to Figure 7 but showing a 
progressive operational step; 30 

Figure 9 is a view similar to Figure 8 but showing a 
progressive operational step; 

Figure 1 0 is a view to similar to Figure 9 but showing 35 
a final spin-roil forming operation with the pulley of 
the invention still positioned in the spin-roll forming 
machine. 

Description of Preferred Embodiment 40 

Referring to Figure 1 , a prior art ten piece water 
pump pulley 10 is illustrated. The pulley includes a ma- 
chined hub 1 2 that attaches by way of an integral spider 
14 and bolts 16 (two of four shown) with lock washers 45 
1 8 (two of four shown) to a web 20. A rim 22 of generally 
tubular shape extends from the web in an axially oppo- 
site direction from the hub and defines a belt receiving 
surface 24. The web and rim are typically made of sheet 
metal by a pressing operation where a disc of sheet met- so 
al is drawn into and forms a thinner cylindrical cup. The 
pressing or drawing operation thins the sheet metal side 
wall of the cup. 

The hub for such pulleys has a bore 25 for attach- 
ment to a shaft such as that of a water pump pulley (not ss 
shown). The hub has a requisite thickness that allows 
threads 26 to be formed at its cylindrical outer surface 
as a means for attaching the pulley to a second compo- 
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nent such as female threads of a fan clutch. A 149 mm 
diameter pulley of ten assembled parts weighs approx- 
imately 1.566 kilograms (3.45 pounds). 

Referring to Figure 2, a one piece pulley 28 of the 
invention has an integral hub 30 that is spun-roll formed 
from a disc. The hub has a bore 32 and a generally cy- 
lindrical surface 34 which may be machined or other- 
wise processed and configured as a fastener such as a 
threaded boss 36. Before machining, the hub as a radial 
thickness T 1 . After machining, the hub has a radial thick- 
ness T2 as a portion T3 (shown in phantom) may be 
removed by a machining process. Of course, the 
threads may be formed by a rolling process whereby no 
hub material is removed. Optionally, an annular radial 
surface 38 is provided (only partially illustrated) and may 
be established when the threads are formed. The sur- 
face defines a stop such as for an internally threaded 
nut (not shown). The thickness of the hub T1 is prefer- 
ably thicker than the sheet metal disc from which it is 
formed and 1.1-2 times the web thickness. The ma- 
chined thickness of the hub T2 is optionally 1.4-1.5 
times greater than a thickness W1 of the web near the 
rim and a thickness W2 near the rim. The web 40 may 
optionally include holes 42, 44 that are sized to receive 
pins of a spanner wrench (not shown) as a means to 
prevent rotation of a pulley when it needs to be held from 
rotation. Optionally, the web may be cupped 46 in a di- 
rection away from the hub. A rim 48 of generally a tubu- 
lar shape extends from the web solely in an axially op- 
posite direction from the hub. The rim 48 as shown has 
a generally cylindrical belt receiving surface 50. In a pre- 
ferred embodiment, the rim has a thickness R1 which is 
less than the web thickness W1, W2. 

Method 

Referring to Figures 3 - 6, an annular disc 52 having 
a thickness 54 is positioned for working with spin -roll 
forming machinery 56 that includes a head stock man- 
drel 58, a reciprocally moveable mandrel 60, a first 
shaping roller 64, a holding roller66, and a second shap- 
ing or finishing roller 68. 

In Figure 3, the annular disc 52 is positioned over 
a pilot 70 of the head stock mandrel 58 where the out- 
side diameter of the pilot is sized for an inside diameter 
of the hub to be produced. The head stock mandrel 58 
has a cylindrical recess 72 sized to receive the external 
diameter 74 of the disc and the recess has a depth 76 
that is less than the thickness 54 of the disc. 

The mandrel 60 has a pilot receiving bore 78 sized 
to receive the pilot, an external diameter 80, and a radial 
step 82 sized for a desired thickness of the hub to be 
formed. The mandrel 60, first shaping roller 64, holding 
roller 66, and second shaping roller 68 are positioned 
away from the head stock mandrel 58 in a start position 
to facilitate loading and positioning of the annular disc 
52 over the pilot and against the head stock mandrel. 

Figure 4 shows the spin-roll forming machine 56 in 
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an intermediate run position where the annular disc 52 
is being shaped into a form, that when finished, includes 
an integral hub. The mandrel 60 is moved in an axial 
direction M so that pilot 70 is engaged with the pilot re- 
ceiving bore 78. Holding roller 66 is shown in its oper- 
ating position where it is moved in a direction H such 
that a cylindrical surface 84 presses against an exposed 
annular portion 86 of the disc to thereby hold it in a sand- 
wiched position against the head stock mandrel. 

The shaping roller 64 is transferred to its forming 
position by first moving it in a direction SA so that a 
rounded edge 88 of the shaping roller is pressed against 
the disc. The mandrel and head stock are rotated which 
spins the disc. Holding roller 66 and shaping roller 64 
are free to rotate to spin the disc. The shaping roller with 
its rounded edge 88 displaces a portion of metal from 
the disc which is supported at an opposite side by the 
head stock mandrel. The shaping roller is moved SR 
progressively radially inwardly against the side of the 
disc which displaces metal from the side of the disc and 
thins the disc while forming a web 92 having a thinner 
side wall 94. The shaping roller forms a progressive ax- 
ially extending wave 90 of displaced metal. 

Referring to Figure 5, the shaping roller continues 
to move progressively radially inwardly in the direction 
SR2 and the displaced metal lengthens axially and it is 
contacted by a tapered surface 96 of the shaping roller. 
The tapered surface is oriented so as to be substantially 
parallel to the axes of the head stock mandrel 58 and 
mandrel 60. Contact with the tapered surface causes 
the wave to take an initial hub shape 98. 

The radially inward movement of the first shaping 
roller is stopped at a predetermined position as it ap- 
proaches the mandrel 60. As shown in Figure 6, the sec- 
ondary shaping or hub finishing roller 68 is activated and 
positioned with a tapered surface 100 against the dis- 
placed metal forming the hub. The tapered surface 100 
is positioned to be substantially parallel with the axes of 
the rotating head stock mandrel 58 and mandrel 60 
when it is in contact with the displaced metal that forms 
the hub. The shaping roller is moved progressively ra- 
dially inwardly in the direction SR3 which presses the 
displaced metal against the mandrel 60 forming a hub 
102 which is integral with the disc. The displaced metal 
leaves a thinner side wall or web 92 having a thickness 
W1, W2. The so formed disc 104 with integral hub 102 
as shown in Figure 6 is removed from the machine so 
that the tooling can be changed for subsequent process- 
ing steps. The pre-form disc 104 has an outer annular 
portion 106 with a thickness 108 which corresponds to 
the original thickness of the disc. 

Referring to Figure 7, the changed tooling includes 
a head stock mandrel 110 with pilot 70, a radial surface 
1 12 that extends to a convex tapered surface 1 1 4, and 
a cylindrical surface 116. The cylindrical surface 11 6 has 
a radial step 1 1 8 that corresponds to a desired thickness 
of a rim to be formed. The reciprocally moveable man- 
drel 120 has a pilot receiving bore 122, a hub receiving 
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bore 24, a radial surface 1 26 that extends into a concave 
tapered surface 128. The concave tapered surface is 
disposed substantially parallel to the convex tapered 
surface 114. 

The preformed disc 104 is placed over the pilot 70 
and against the radial surface 112 of the head stock 
mandrel. The outer annular portion 1 06 of the preformed 
disc 1 04 extends radially beyond the moveable mandrel 
120 and cylindrical surface 116. 

Referring to Figure 8, the moveable mandrel 120 is 
moved axially M2 toward the head stock mandrel 110 
which bends 130 and forms part of the web 92 into a 
cup shape that follows the tapered surfaces 114, 128. 
Shaping roller 64 with its rounded edge 88 is moved ax- 
ially SA2 and pressed against the outer annular portion 
1 06 of the disc which axially displaces the outer annular 
portion 1 06 leaving a transitional processing groove 1 32 
therein. 

Referring to Figure 9, the shaping roller 64 is moved 
axially SA2 with its tapered surface 96 pressing against 
the disc which preforms the rim 48. The shaping roller 
64 may be reciprocally moved SA3 to "iron" and thin the 
rim into shape. 

Referring to Figure 1 0, the second shaping roller 68 
with its tapered surface 1 00 is then pressed against the 
radially outer most portion of the disc which thins the 
disc and forms a rim 48 of generally tubular shape hav- 
ing a thickness R1 and a belt receiving surface 50 which 
completes the spin forming process. 

To illustrate the effectiveness of the process of the 
invention, a sheet metal disc was transformed into a pul- 
ley of the invention using the process of the invention 
which is characterized by the following dimensions: 



35 


disc, outside diameter, mm 


166.00 




disc, inside diameter, mm 


18.80 




disc, thickness, mm 


5.03 




rim, diameter, mm 


148.00 


40 


rim thickness, mm 


2.87 




web, thickness near rim, mm 


4.62 




web, thickness, near hub, mm 


4.27 




hub, outside diameter, mm 


33.40 




hub, inside diameter, mm 


18.80 


45 


hub, threaded diameter, mm 


30.00 



The so constructed pulley weighed .885 kg (1.95 
lbs. ) in comparison to the prior art ten piece pulley which 
weighed 1.566 kg (3.45 lbs.) Thus, the pulley of the in- 
vention weighed 43.5 percent less than the prior art pul- 
ley. 

The foregoing detailed description is made for pur- 
pose of illustration only and is not intended to limit the 
scope of the invention which is to be determined from 
the appended claims. 
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Claims 

1. A pulley (28) with an integral hub (30) that is spun- 
roll formed from a disc (52) having a thickness (54), 
the hub (30) having a bore (32), a generally cylin- 5 
drical surface (34), a radial thickness (T1), and 
formed with a portion of metal (90) radially dis- 
placed from a side of the disc leaving a web portion 
(40) having a web thickness (W1 : W2), character- 
ised in that the hub (32) has a radial thickness (T1) io 
that is greater than the disc thickness (54). 

2. A pulley as claimed in claim 1 wherein the generally 
cylindrical surface of the hub is configured as a fas- 
tener (36). is 

3. A pulley as claimed in claim 1 or 2 wherein the gen- 
erally cylindrical surface is threaded. 

4. A pulley as claimed in claim 3 wherein the threaded 20 
cylindrical surface has an external diameter that is 
about 1 .4-1 .5 times the minimum web thickness. 

5. A pulley as claimed in claim 3 wherein the hub in- 
cludes an annular radial surface (38) adjacent the 2s 
threads which surface defines a stop. 

6. A pulley as claimed in any one of claims 1 -5 wherein 
the bore of the hub is sized for attachment to a shaft. 

30 

7. A pulley as claimed in any one of the preceding 
claims wherein the radial thickness of the hub is 
about 1.10-2 times the minimum web. 

8. A pulley as claimed in any one of the preceding 35 
claims wherein a rim (48) of a generally tubular 
shape extends from the web solely in an axially op- 
posite direction from the hub, the rib being formed 
of the disc and being integral with the web. 

40 

9. A pulley as claimed in claim 8 wherein the rim has 
a wall thickness (R1 ) that is less than the web thick- 
ness (W1.W2). 



10. A pulley as claimed in claim 8 or 9 wherein the rim 
has a substantially cylindrical belt receiving surface 
(50). 

11. A pulley as claimed in claim 8 wherein the web is 
generally cupped in an axial direction facing away 
from the hub. 

12. A pulley (28) with an integral hub (30) that is spun- 
roll formed from a disc (52) having a thickness (54), 
the hub (30) having a bore (32), a generally cylin- 
drical surface (34), a radial thickness (71), and 
formed with a portion of metal (90) radially dis- 
placed from a side of the disc leaving a web portion 
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(40) having a thickness, characterised in that the 
hub (30) has a radial thickness (T1) that is greater 
than the web thickness (W1 ,W2) and wherein the 
generally cylindrical surface of the hub is threaded: 
and further characterised in that a rim (48) of gen- 
erally tubular shape extends from the web solely in 
an axially opposite direction from the hub and de- 
fining a belt receiving surface (50), the rim having 
a wall thickness (R1) less than the thickness of the 
web (W1,W2). 

13. A method of forming a pulley (28) compressing the 
steps of: 

pressing a shaping roller (64) against a side of 
a spinning annular disc (52) of sheet metal 
while supporting the disc at an opposite side 
with a rotating head stock mandrel (58); 
moving the shaping roller (28) progressively in- 
wardly against an inner annular portion against 
the side of the disc and displacing a portion (90) 
while thinning the inner annular portion and 
forming a web (92) having a thickness (W1); 
forming progressive axially extending wave of 
displaced metal; 

pressing the annular wave against a rotating 
axially extending mandrel while simultaneously 
forming a hub (1 02) integral to the web and hav- 
ing a radial thickness of about 1 . 1 to 2 times the 
thickness of the web; 

pressing the web between dies 114,128 and 
forming the web and cupping the web in an axial 
direction facing away from the hub; 
pressing a shaping roller (64) against radially 
outermost portion of the disc while axially dis- 
placing a portion of metal against a rotating 
head stock mandrel (110) having a cylindrical 
surface (116) while thinning the radially outer- 
most portion and forming a rim (48) of generally 
tubular shape having a thickness (R1), the rim 
extending from the web solely in an axially op- 
posite direction from the hub and defining a belt 
receiving surface. 

45 14. The method as claimed in claim 13 and including 
the step of forming the rim with a thickness that is 
less than the thickness of the web. 
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FIG. 4 
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FIG. 8 
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FIG. 9 
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